After preparing extracts from fresh Styela plicata using methanol, ethanol, acetone, and water, the antioxidant and tumor necrosis factor (TNF)-α inducing ability of the extracts were evaluated. Most of the extracts showed more than 50% inhibitory activity against malonedialdehyde formation, and methanol extract exhibited the highest activity with values of 59.3%. The water and acetone extracts contained glutathione contents of 18.5 and 12.3 µM, respectively, however, these were not detected in the other extracts. TNF-α inducing abilities of the extracts were determined with RAW 264.7 cells. The water extract increased TNF-α production with correlation to increase of the added amount. However, the other extracts could not induce TNF-α production in RAW 264.7 cells. The results indicated that the antioxidant activities of S. plicata extracts were different depending on extracting solvents, and the water extract showed significant TNF-α inducing activity.
Introduction
Reactive oxygen species (ROS) and free radicals are continuously generated under normal physiological conditions but effectively eliminated by existing antioxidative defense mechanisms such as antioxidative enzymes [5] . Due to many environmental, lifestyle, and pathological situations, however, excess radicals can accumulate and result in oxidative stress [24] . The oxidative stress is believed to be a primary factor in various diseases such as cancer, cardiovascular disease, diabetes, neurodegenerative disease, and osteoporosis as well as in the normal process of aging [9] . Though some synthetic antioxidants such as butylated hydroxyanisole and butylated hydroxytoluene are very effective to scavenge ROS, carcinogenic and toxic properties of them also have been reported [1] . Thus, researches on the potential applications of natural antioxidants have recently received much attention [14, 25] .
The sea, covering more than 70% of the surface of earth, contains an exceptional biological diversity, accounting for more than 95% of the whole biosphere [8] . Therefore, the marine environment is a sensational resource for the development of novel natural antioxidant. So many antioxidant researchers have largely focused on the antioxidant effects of crude extracts from marine organism such as tunicate, sponge, bacteria, coral, and alga [20] . Among various marine organisms, ascidians are marine animals with a high ability to synthesize bioactive substances [11] . Styela plicata belongs to Ascidiacea class, which commonly known as a sea squirt.
Several researches such as antithrombotic properties of a heparin [2] , antimicrobial peptide [23] , and antiviral activity [7] of S. plicata have been reported. In this paper, the antioxidative and tumor necrosis factor (TNF)-α inducing ability of the extracts of S. plicata with four different solvents were evaluated. 
Meterials and Methods

Materials
Determination of glutathione content
Glutathione content of S. plicata extract was determined by using GSH assay Kit. The extract dissolved in DMSO was diluted with potassium phosphate buffer (final concentration of 10 mg/ml). The diluted sample (900 µl) was added to 50 µl of chromogenic reagent (4-chloro-1-methyl-7-trifluromethyl-quinolium methylsulfate) in HCl, and 50 µl of 30% NaOH was added to the mixture. The mixture were incubated at 25 o C for 10 min in the dark, and then the absorbance was measured at 400 nm. The standard curve was drawn using 0-100 µM of reduced glutathione.
Determination of TNF-α in macrophage cell 
Statistical analysis
All measurements were done in triplicate, and analysis of variance was conducted according to the procedure of the General Linear Model using SAS software [19] . StudentNewman-Keul's multiple-range tests were used to compare the significant differences of the mean value among treatments (P<0.05). MDA formation inhibitory activity of each S. plicata extract was shown in Table 1 . The results indicated that S. plicata extracts could significantly inhibit the formation of MDA. Methanol extract of S. plicata showed the strongest inhibitory activity with value of 59.3%. Ethanol and water extracts of S. plicata also showed more than 50% of inhibitory activity against MDA formation. This result coincides with that antioxidant activity of S. plicata determined by reducing power was the greatest in methanol extract [6] . Antioxidant activity of natural extracts strongly depends upon the solvent used for extraction [13] because each compound has different polarity [10] . In case of S. plicata, antioxidant materials for MDA formation inhibitory activity might prefer to be dissolved in methanol. S. plicata belongs to Urochordata Subphylum of Chordate Phylum, and its biological characteristics were very similar to those of Halocynthia roretzi. H. roretzi contains variety of carotenoids, which show strong antioxidant activity [3, 4] .
Results and Discussion
Carotenoid isolated from cartotenoprotein of S. plicata has been identified as astaxantnin [15] . Catotenoids including astaxanthin of S. plicata extract might play important role in MDA formation inhibitory activity.
Glutathione (GSH) contents of Styela plicata extracts
GSH is a naturally occurring tripeptide, which has been identified as an important role in antioxidant system [22] .
GSH can directly scavenge free radicals or act as coenzyme with a variety of enzymes including glutathione peroxidase, glutathione S-transferase, and thiol transferase [18] . Table 1 showed GSH contents of four kinds of extracts from S.
plicata. GSH contents of water and acetone extracts were 18.51 and 12.27 µM, respectively, however, it was not detected in methanol and ethanol water. Two points -solubility and stability of GSH -can be discussed from the results.
In the view of the solubility of GSH dependent on solvent, GSH has been reported that it is freely soluble in water, diluted alcohol, liquid ammonia, and dimethylformamide [12] . This is one of the reasons why the water extract showed the highest GSH content, and no GSH in concentrated All measurements were done in duplicate, and analysis of variance was conducted by of the General Linear M odel using SA S software. Different letters (a-b) within a row are significantly different (P<0.005), Different letters (w-z) within a colum n are significantly different (P<0.005).
methanol or ethanol. Secondly, the stability of GSH can be discussed in point of peptide. GSH is a tripeptide (γ-glutamyl-L-cysteinylglycine), and two amino acids (L-glutamic acid and L-cysteine) of GSH have hydrophilic side chains. Therefore GSH of S. plicata prefers to be extracted in water.
TNF-α inducing ability of extracts from Styela plicata TNF-α inducing ability of S. plicata extract was with RAW 264.7 cells. TNF-α is a cytokine involved in systemic inflammation and is a member of a group of cytokines that stimulate the acute phase reaction. The primary role of TNF-α is in the regulation of immune cells. TNF-α is also able to induce apoptotic cell death, to induce inflammation, and to inhibit tumorigenesis and viral replication.
After stimulating RAW 264.7 cells with the S. plicata extracts for 24 hr, produced TNF-α was evaluated( Table 2 ). The water extract of S. plicata increased TNF-α production with increasing the added amount. In concentration of 10 µg/ml of the water extract, the amount of TNF-α in RAW 264.7 cells was 5,940.46 pg/ml, which was more than 20 times of that in non-added control cells. However, methanol, ethanol, and acetone extracts of S. plicata could not induce TNF-α production in RAW 264.7 cells. The results indicated that immunostimulatory activity of S. plicata was strongly restricted in the water extract. W hile Ohgami et al. [17] reported that astaxanthin, a carotenoid found in sea animals, inhibited TNF-α generation, water soluble compound of S. plicata showed TNF-α inducing effect. Marine omega-3 fatty acids such as eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) have been reported to suppress TNF-α production [21] . Though S. plicata contains high amount (32.5%) of omega-3 fatty acids among total fatty acids [16] , water extracts might embrace water-soluble TNF-α inducing materials. The immunostimulatory compound should be studied further. 
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